Stepper motors are found in three main types; Permanent Magnet, Variable reluctance and 
List of symbols

Introduction
Large number of poles results in small step angle but this is limited to the size of the motor and the manufacturing capabilities. Application of electric pulse on one stator phases results in a step angle while, application of pulse to two phases produces half step angle of the motor.
S. E. Lyshevski established approximate model of the PM stepper motor operated in servo mechanism [1] . H. Melkote performed the nonlinear control of Variable reluctance stepper motors and concerned with the fundamental fictitious current of the permanent magnet [2] .
More advanced researchs deal with the modeling of the stepper motors considering more assumptions to linearize the motor model [3] .
The application of artificial intelligence (AI) control algorithms are adopted for the position control of Permanent Magnet stepper motors such as; Fuzzy Logic and Neural Networks [4] , [5] , [6] . Adaptive Fuzzy Logic control is used to have self-tuned scaling factors of the FLC instead of manual tuning.
Mathematical Model of PM Step Motor
The permanent magnet stepper motor parameters are used to obtain an approximate representation model of the motor. Assumptions of the motor equations are held to simplify the model and to obtain more linear equations. Assumption are such as; neglect the mutual effect between stator phases and concern the fundamental component of the fictitious PM current on stator phases. Also the variations of the stator phases self inductances with the rotor position are neglected.
The expression of the phase A current is [7] Proceedings of the 5 th ICEENG Conference, 16-18 May, 2006 (1) and that of phase B is given by equation (2) ( )
The motor electromagnetic torque expression is
With the assumptions mentioned before, the motor phases self inductances L aa and L bb are replaced by L a and L b respectively when neglecting the variation of self inductances with rotor position. Taking into account only the fundamental component of the mutual inductances, equations (1), (2) and (3) are modified to the following
The motor dynamic equations 4. 
Fuzzy Logic Controller (FLC)
Fuzzy control is based on fuzzy logic technique. The fuzzy logic mimics the human thinking which does not always follow crispy logic, (Yes-No logic) but often deal with uncertain problems. The problems of load disturbance or parameters variation usually requires an artificial intelligence control technique. FLC is advantageous to PID control as it is reliable and doesn't require the complete mathematical model of the plant to be known. FLC is very useful for non-linear control systems. Fuzzy Logic control is described by IF-THEN production rules. 
The FLC representation includes the definition of the input and output process control. In our work the inputs are error and change of error signals while, the output is the actuating signal applied to the system. The equations describing the FLC process of control variables are ( )
The FLC application is associated with the choice of five symmetrical triangular membership functions used to describe inputs and outputs as shown in Table 1 . Abbreviated fuzzy sets are used in Table 1 (6), (7) and (8 
Conclusions
The FLC operates on nonlinear systems and there is no need for the mathematical model as it uses if the rules. The application of FLC is helpful in reducing the motor overshoots and -٩ -minimizing the steady state error and the rise time is decreased with the control algorithm.
Fuzzy logic control is useful for complex processes and it gives superior performance than the conventional control (PID). Scaling factors are tuned to improve the motor response. The output scaling factor affects on system overshoots and rise time. The error and change of error scaling factors affect mainly on the steady state error and are responsible for reducing the rise time of the motor. The limitation for increasing the membership functions is the computation time taken for the practical implementation of the system. Lower number of fuzzy sets may make the control to loose data points of the system. The use of triangular membership functions is useful in control systems rather than its ease representation in simulation programs. Other fuzzy sets (trapezoidal, Sigmoidal) require higher calculation time although they give higher performance
